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SCHECHTER, M.D. Caffeine potentiation of amphetamine. implications for hyperkinesis therapy. PHARMAC. 
BIOCHEM. BEHAV. 6(3) 359-361, 1977. - Neither 0.05 mg/kg d-amphetamine nor 15 mg/kg caffeine alone produce 
amphetamine-like responding in rats trained in two-lever operant chambers to discriminate 0.8 mg/kg d-amphetamine from 
saline. Tile co-administration of the two drug doses produced responding similar to the 0.8 mg/kg d-amphetamine dose. A 
suggestion for the mechanism of action and a regimen of administration for caffeine in hyperkinetic children are discussed. 

Amphetamine Caffeine Dopamine Drug-induced stimulus control Haloperidol Hyperkinesia 

IN children with the minimal  brain dysfunct ion  (MBD) central nervous system [ 11 ], and this behavioral technique 
syndrome and subsequent  hyperk ine t ic  impulse disorder,  has been employed  to test various direct- and indirect- 
psychost imulants ,  such as d-amphetamine ,  d, 1-am- acting dopaminergic  drugs [6] .  In an effort  to investigate 
phetamine,  me thy lphen ida te  and pemoline,  are effect ive in whether  caffeine might  be subst i tuted for amphetamine  in 
increasing a t ten t ion  span, in lessening mood  swings and the therapy of  the hyperkinet ic  syndrome,  amphetamine-  
perseverance, and in diminishing hyperact iv i ty  [2 ,3] .  induced stimulus control  in rats was used as a model  for 
Unfor tuna te ly ,  all of these (Schedule 2) drugs have been dopaminergic  receptor  s t imulat ion and the effect  of  
reported to produce side effects  that  include: loss of  caffeine on this behavior was determined.  
appet i te  and weight,  nervousness,  insomnia or restless sleep 
patterns,  abdominal  complaints ,  and after chronic use, they 
have a potent ia l  for growth deprivat ion [ 11 ]. This has led MATERIALS AND METHOD 

to a growing concern regarding the use of the psycho- The procedure  used for the present exper iment  has been 
stimulants,  and has made it desirable to find a drug with at described in detail elsewhere [6] .  In brief, the apparatus 
least equal  therapeut ic  efficacy but with less marked side consisted of  two standard animal test envi ronments  
effects. A pilot  s tudy suggested that  caffeine,  in the form of  (BRS/LVE) ,  f i t ted with two levers, a food pellet  delivery 
coffee,  may have a place in the therapeut ic  management  of  system, and was programmed by solid-state logic modules.  
hyperkinet ic  children [13] .  Subsequent  well-control led Eight male Sprague-Dawley rats were maintained at 80 + 
clinical investigations, however ,  indicated that caffeine, by 5% of their expected  free-feeding weights and were trained 
itself, is not  effect ive as a substi tute for the psycho- to lever press for food (45 mg Noyes food pellets) on ei ther 
st imulants in the t rea tment  of  MBD [5,7] .  of the two levers. F i f teen  min after intraperi toneal  (IP) 

The fact that  many hyperk ine t ic  children respond inject ion of  0.8 mg/kg d-amphetamine  sulfate (as base), the 
dramatically to t rea tment  with drugs that  st imulate the rats were required to press one of the levers (amphetamine-  
central nervous system by interact ing with m o n o a m i n e  correct)  in order to receive re inforcement ;  upon adminis- 
neuro t ransmi t te r  mechanisms has led to the hypothes is  that tration of an equal vo lume of saline (0.9% sodium 
at least one subgroup of children with MBD may have a chloride),  they were required to press the o ther  lever 
funct ional ly  under-active monoamine  system in their brain. (saline-correct). The schedule of re inforcement  employed  
Indeed, Meyerhof f  and Snyder [ 10] have proposed that  the was an ext inct ion-variable interval 15 sec schedule in which 
beneficial  effects  of  amphe tamine  are due to the ability of no lever presses were reinforced during the initial 2.5 rain 
this drug to increase the availability of  dopamine  to its of each session. This was fol lowed by food delivery for 
receptor  sites in the brain. Drug-induced control  of  dis- every lever-press made on the correct  lever on a variable 
criminative behavior  in rats with d-amphetamine  has been interval averaging 15 sec for the remaining 12.5 min of each 
shown to be media ted  by dopaminergic  systems in the session. Every week, each rat was run in daily 15 rain 
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sessions on six consecut ive  days wi th  a doub le  a l t e rna t ion  RESULTS 

schedule  of admin i s t r a t i on .  The 2.5 min  e x t i n c t i o n  per iod  Percen t  r e spond ing  on the  d - a m p h e t a m i n e  lever 
of each session was used to ascer ta in  d iscr imina t ive  per- fo l lowing 0.1, 0.2, 0.4 and 0.8 mg/kg  d - a m p h e t a m i n e ,  
fo rmance .  Cri ter ia  p e r f o r m a n c e  was es tabl i shed  as the saline and test  drugs are p resen ted  in Table 1. The values 
a ch i evemen t  of  80% correc t  responses  wi th  b o t h  d- for d - a m p h e t a m i n e  and  saline represen t  the  percen t  of  total  
a m p h e t a m i n e  and saline. 

Cr i te r ion  pe r fo r m ance  was a t t a ined  af ter  10 sessions responses  on the d - a m p h e t a m i n e - c o r r e c t  lever dur ing the 
wi th  each  c o n d i t i o n  and  d - a m p h e t a m i n e  and saline main-  ex t inc t i on  per iod  of m a i n t e n a n c e  sessions in terspersed 
t enance  sessions were c o n t i n u e d  in o rder  to  assure rel iable among  dose-response and novel  drug tests. Part 1 indicates  

tha t  if rats first learn a drug versus saline d i sc r imina t ion  pe r fo rmance .  Each dose response  and test  drug session was 
preceded  by one saline and one  d - a m p h e t a m i n e  t ra in ing  with a specific t ra in ing  dose and then  receive test  sessions 
session. On test  sessions,  the  rats were admin i s t e red  (IP) with  lower  doses of the same drug, the  n u m b e r  of 
lower  doses of  a m p h e t a m i n e  t han  the t ra in ing  dose of 0.8 d rug-appropr ia te  responses  decreases in an order ly  fashion 
mg/kg  and  r e spond ing  in the 2.5 min  e x t i n c t i o n  per iod  was as the test  dose is lowered.  A dose of  0.05 mg/kg  
recorded;  there  was no  f u r t h e r  t raining.  The  ED50  was d - a m p h e t a m i n e  p roduced  v4 4c::~ responses  on the am- 
ascer ta ined  to be 0.13 mg/kg.  Subsequen t ly ,  a lower  dose p h e t a m i n e  lever, or to view it d i f fe ren t ly ,  75.6% responding  
of d - a m p h e t a m i n e ,  0.05 mg/kg,  was admin i s t e r ed  five on the sa l ine-appropr ia te  lever {Part 2). Caffeine adminis-  
m inu t e s  a f te r  the  a d m i n i s t r a t i o n  (1P) of 15 mg/kg  caffe ine tered alone p roduced  43 .7% respond ing  on the d- 
dur ing  e x t i n c t i o n  test  sessions in o rder  to  invest igate  the a m p h e t a m i n e  lever. The c o m b i n a t i o n  of d - a m p h e t a m i n e  
effect  of  caffe ine u p o n  a dose of  d - a m p h e t a m i n e  tha t  and caffeine,  however ,  p roduced  86.6% responding  on the 
p roduced  low levels of d iscr iminat ive  responding.  Likewise,  a m p h e t a m i n e  lever which is no t  s ignif icant ly  d i f fe ren t  t ronl  
15 mg/kg  caffe ine was tes ted  alone and 0.25 mg /kg  responses  af ter  the t ra in ing dose of d - amphe t amine .  Haio- 

0..~5 mg/kg,  admin i s t e red  (1P) 30 rain pr ior  to lhe peridol ,  
ha loper ido l  (Haldol)  was admin i s t e r ed  (IP) 30 min  before  two drugs decreased re spond ing  on the d - an lphe t amine  
the c o m b i n e d  t r e a t m e n t .  All tes t  t r e a t m e n t s  were given to lever to 43.7(~. 
each of  the 8 t ra ined  animals  on two  occas ions  in a r a n d o m  

order.  DISCUSSION 

It has been suggested t ha t  the hype rk ine t i c  impulse 
T A B L E  1 disorder ,  or MBD, in ch i ld ren  may be caused by a defici t  in 

dopaminerg ic  pos t - synap t ic  s t imu la t ion  tha t  in terferes  with  
PERCENT RESPONDING ON d-AMPHETAMINE LEVER FOLLOW- i n t e r n e u r o n a l  t ransmiss ion .  This,  in turn ,  al ters the func t i on  

ING MAINTENANCE AND TEST DRUG SESSIONS of the re t icular  ac t iva t ing  system in the d i encepha lon  tha t  
helps to ma in t a in  cort ical  d o m i n a n c e  over d iencephal ic-  

Percent l imbic lobe s t ruc tu res  [ 1 5 ] .  Drugs such as a m p h e t a m i n e  
Amphetamine and m e t h y l p h e n i d a t e  are p re sumed  to be effect ive in the 

Dose Lever Choice t r e a t m e n t  of MBD by increasing the release of dopamine .  
Treatment (mg/kg) (_+SE) Caffeine has been repor ted  to p o t e n t i a t e  circling behav io r  

[4] and  h y p e r m o t i l i t y  [1 ,14]  reduced by levodopa  in rats 
1. d-Amphetamine* 0.8 92.2 _+ 2.4 and to p o t e n t i a t e  a m p h e t a m i n e -  and a p o m o r p h i n e - i n d u c e d  

Saline - -  12.6_+ 2.9 s t e reo typ ic  behav io r  in guinea pigs [9 ] .  A l though  these 
d-Amphetamine 0.4 82.4 _+ 7.0 an imal  behaviors  are used as models  for  dopaminerg ic  

0.2 63.5 _+ 4.8 s t imula t ion ,  caffe ine by itself does not  seem to be effect ive 
0.1 46.6 _+ l l .0  in the t r e a t m e n t  of MBD in chi ldren [5 ,7 [ .  

II. d-Amphetamine 0.8 90.9 _+ 2.2 Drug- induced  s t imulus  con t ro l  of d iscr iminat ive  behavior  
Saline - -  7.4 + 2.3 with d - a m p h e t a m i n e  appears  to be a sensitive test  for 

dopaminerg ic  m e c h a n i s m s  in the rat brain [6 ,11 [ .  In the 
d-Amphetamine 0.05 24.4 +_ 4.4§ present  s tudy ,  the admin i s t r a t i on  of  15 mg/kg  caffe ine or 
Caffeine 15.0 43.7 _+ 7.9§ 
Caffeine 15.0 0.05 mg/kg d - a m p h e t a m i n e  p roduced  low levels of drug- 

induced  discr iminat ive  responding  when  compared  to those  
+ 86.6 +_ 3.3 p roduced  by 0.8 mg/kg  d - a m p h e t a m i n e  {Table 1 Part  2). 

d-Amphetamine 0.05 
However,  the co -admin i s t r a t ion  of the two drugs at these 

Haloperidol$ 0.25 doses was observed to p roduce  re spond ing  similar to tha t  
+ seen af ter  the higher  dose of d - a m p h e t a m i n e .  The  obser- 

Caffeine 15.0 43.7 + 5.2§ vat ion tha t  ha loper idol ,  a specific dopaminerg ic  recep tor  
+ blocker ,  abol ishes  the response  to the two drugs ad- 

d-Amphetamine 0.05 min is te red  s imul taneous ly  indica tes  tha t  the s t imulus  effect  
of the d - a m p h e t a m i n e  c o m p o n e n t  is dopaminerg ica l ly  *d-Amphetamine (0.8 mg/kg) and saline maintenance sessions in- 

terspersed amongst test sessions. Five IP administrations of each media ted .  
treatment to each of eight rats fifteen min before testing in extinc- An exp lana t ion  for this  effect ,  i.e., the  mechan i sm of 
tion. All test sessions consisted of two sessions in each animal in ac t ion by which  caffeine p o t e n t i a t e s  a m p h e t a m i n e ,  may be 
random order, f o u n d  in the in vi t ro work of Kebabian  et al. [8] in which  

:~Haloperidol was administered 1P30 min prior rod-Amphetamine caffeine,  a p o t e n t  inh ib i to r  of phosphod ie s t e r a se  tha t  
and caffeine. Testing, in extinction, fifteen min after last injection. 

§Probability of test drug choice responses being different from cleaves cyclic 3 ' , 5 ' - adenos ine  m o n o p h o s p h a t e  {cAMP), in- 
both d-amphetamine or saline response due to chance: p<0.01 creases the level of adenyl  cyclase. It has been  suggested 
Mann-Whi tneyUtes t .  t ha t  adenyl  cyclase may be the recep tor  for d o p a m i n e  in 
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m a m m a l i a n  bra in .  Thus,  supersens i t iz ing  of  these r ecep to r s  p s y c h o s t i m u l a n t s  in the the rapy  of  MBD, bu t  in con- 
to d o p a m i n e  may  occur  and  p r oduce  a f u n c t i o n a l  increase j u n c t i o n  wi th  r educed  dosages of  a m p h e t a m i n e .  If caffe ine 
to any p re synap t i c  d o p a m i n e  released by  small  doses of  co-admin i s te red  wi th  a smaller  dose of  a m p h e t a m i n e  
d - a m p h e t a m i n e ,  p roduces  adequa te  con t ro l  of MBD the side effects  of  the 

The  resul ts  of  this  inves t iga t ion  suggest t h a t  caffe ine  more  p o t e n t  p s y c h o s t i m u l a n t  may  be avoided.  
should  be sub jec ted  to clinical trials, no t  as a subs t i t u t e  for  
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